Derivation of the dispersion relation of 2D HCGs-based SSPs with multimode network theory
Three steps should be taken to obtain the analytical dispersion relation of the HCGs-based SSPs. Firstly, the eigenfunctions are determined for Regions I (air) and II (HCGs). Secondly, boundary conditions are imposed at each interface to obtain the transfer relation of the admittance matrix between each region. Finally, the generalized transverse resonance technique is used. To determine the eigenfunctions of the HCGs region in Fig. 1(a) in the main text, the structure shown in Supplementary Figure S1 (a) should be first analyzed, which is an unbounded periodic array. Two dielectric blocks in each unit cell are of widths
According to the Floquet theorem, we have
The input-output relation for the voltage and current column vector in one unit cell can be denoted by
in which the transmission matrix T i m for Block i can be expressed as
Then, the total transformation relation in one unit cell can be denoted as
and the total transmission matrix T for one unit cell is of the form
Combining equations. (S1.8) and (S1.11), we can obtain the following equation
in which 1 is the unit matrix.
According to the linear algebra theory, the existence of a nontrivial solution for equation (S1.13) requires that the determinant of the coefficient matrix vanishes, namely
Thus,
The two roots of equation (S1.15) must satisfy the following relation 1, .
With the assumption that one root is
, the other root must be
k is the propagation factor of the Floquet mode. And finally the dispersion equation of the unbounded HCGs can be written as
in which xm  is the Bloch wave vector. Substituting equations (S1.10)-(S1.12) into equation (S1.17), we can obtain equation (1) 
Then the voltage and current column vector within the i -th ( i = A , B ) block can be expressed as
Thus, the voltage and current in one arbitrary unit cell can be written as where Γ=-1 (1 is the unit matrix) is the reflection coefficient matrix due to the PEC plane. 
Therefore, the complex eigenvalue of the proposed structure can be finally solved by the generalized transverse resonance condition at 0
Thus, we can finally obtain equation ( is kept with all high-order diffraction effects neglected.
Derivation of the dispersion relation of 2D HCGs-based SSPs with effective medium approximation
In this section, we will show how the same dispersion relation can be obtained by using the effective medium approximations. Supposing a plane wave is incident on the surface of the three layered structure with air on the top, PEC at the bottom, and a homogeneous but anisotropic medium layer of h in between with the electromagnetic parameters given by        and       
(denoted in equations (6) and (7) 
